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HOME RANGES AND HABITATS OF NORTHERN GOSHAWKS IN 
EASTERN CALIFORNIA 

Much of the c u m n t  knowledge of habitat use 
by the Northern Goshawk (Afcipite? genlilis) has 
been taken fmm neSt siles (e.p.. Reynolds et el. 
1982, Moore and Henny 1983, Kennedy 1988, 
Patla 1990). Little is known about habitat char- 
acteristics that dehne the rest of the home range, 
that is, the area used by individuals for fomging 
and resting as well as for cam of young. Prior to 
the development of goshawk management ret- 
ommendations for the southwestem United 
Slates (Reynolds et al. 19921, goshawk manage- 
ment in timber resource areas was generally lim- 
ited to the retention ofan  uncut buffer of mature 
timber around nest sites, ranging rmm a rec- 
ommended 8 ha (Reynolds et al. 1982) to 49 ha 
(Fowler 1988). 

The emphasis placed on nest sites is just i f id  
because the nest or a nearby alternate nest is u d  
by goshawks for many years (Palmer 1988). Pro- 
tection or Ihe nest and alternate nests provides 
a reasonable long-term management stratqy. 
However, even though a site is p r o i d ,  
the remainder of fhe home range is fkquently 
subjected lo habitat alteration. Ifcertain habitat 
components are needed by h e d i n g  goshawks in 
areas other than- the immediate nest sites, then 
habitat atternlions could eventually causethe de- 
cline of this s e e s  even though nest sites are 
protected. 

Our sludy was prompled by thc neqd to pro- 
vide betta management guidelines for goshawk 
home ranges within arcas of timber management 
on the Inyo National Forest in c~stcrn California. 
Beginning in 1979. goshawk nests on the fnyo 

National Forest were protectad from timber har- 
vests by delineating a 16-ha bufkr around each 
known neSt when the boundaries of each sale 
were mapped. This area was enlarged For all sales 
after 1987 lo meet the guidelines or the Inyo 
NationaI Forest Land Management Plan, which 
celled for either a 40.5-ha buffer around the ncst 
or two 20-ha buffers around the currently oc- 
cupied nest and an alternate nest One of our 
concerns was whether small. isolated buffers were 
sufficient to meei the needs of nesting goshawks, 
or whether other components within the home 
ranges needed to be considered. We d a d  to 
know where goshawks foraged in da t ion  to their 
nests and what habilats were used For foraging, 
in order to m a h  meaningful ~ m m e n d a i i o a s  
Tor extending management over areas larger than 
the nest buffers. 

We investigated goshawk home range usc ai 
the microhabitat and landscape level. Ai the mi- 
crohabital level, we focused on the forest mnd 
slructwe associated with goshawk telemetry lo- 
cations wiihin \heir home ranges. Other studies 
have shown that ne31 sites are. typically in stands 
with large trces and dense canopies (e.g., Hall 
1984, Speiser and B-kowski 1987, Hayward 
and Escano 1989). We wanted to determine 
whelhcr these mndiljons were also chamwis t ic  
of areas used within home ranges. 

At the hndscape level, we were interested in 
vegetation paitems and landscape featuns that 
might infiuence the size, location, and configu- 
ration of home ranges. In particular, we wanted 
to determine whether home ranges were influ- 

enced by the location nf large blocks of mature 
timber, ?he amount of vegetative diversity, the 
availability of inwrior habitat or habitat e d g ~  
tire location of open arras. and the pnsenoe of 
water. 

The objectives of our sludy were ( I )  lo deter- 
mine stand structure, hndwape patiems and key 
gaollrapbi features thai i nhence  the size, 60- 

cs. and (2) to develop management rccommcn- 
‘&tioris faused on home range m a n w e n t  
rather than nest site management. 

ation, aad c~nlguration ofgoshawk home rang- 

Or 1986-1 988. we caplurcdgarfrawksupinga d h m  
wilh a Grcpt H o d  Owl (8ubo wr&imm) lure in 
the vicinity of actin nesu (Hamustrom 1963, ~h 
d d. 19921. Each WShWk m S  banded With a US Fjrh 
and WldliE Scr~ ioC kg bd. Radio mnsmiim- 
~ttaehed to thc WS of the birds lubine 
Sttad life expectancy around the of dngg 7 moatbn The 28-g transmittern hpd a 

We created a grid oucrtay fw 1:24,ooO-~~& m s  
inealculalinggoshnvlrlootiona m a p  of the study area and used Thespacingoft the grid wrdil~ mm 

betwaengridlimcorrcapondadto26 rnonthcgmund 
T’ekmeuy h k n s  mrt obmincd by taro cbscrvtrr 
using Telonics 2A (Mesa, A h a )  urd Advanced Te- 
lemclry Sysltms (Isanti, Minncsata) receivers and 
S-rkmcn~ yagi antmnac mounted in two t n l :  bsds. 
Simultaneous bearings wen Mkcn fmm two locations, 
and the eslimaled location of the bird was calculated 
by triangulation (While and Gvmtl 1990) usin6 the 
two bearings and the k n o w  Eomdiriatcs of the 
observers, We look bearings on esch goshawk at 15- 
mininlervakfor 1.5 hr. b c ~ & r d w a s m o n i ~ c v c r y  
2-3 days at a randomly sclaned time balvem OS:@ 
1 4 M .  
To determine errors associarcd with locption esli- 

matts, the obsavm cstimatcd Ihe locaiibn ora trans- 
mitcer placed a% 20 random localirms by an indepn- 
den1 party. The obscrvar were on averam 7 I S  2 368 
(SD) m from ihe ensmitwduring these tests, and the 
mean u m r  in location was 102 2 66 m. The CHOT 
assnciated wim estimation of goshawk locations may 
have k e n  somewhat lower, dna during monitoring 
Iht observers %re on average closer to the pshawks 
fi = 465 f 292 m) thsn lo the test tmsmiater. By 
proportional cxtrapdntion. the mean error in eslimai- 
ing goshawk locations was 66 m. 

Home ranges m dculattd using an adamive kef- 
ne1 mahod (Wonon 1989) developed by J. Baldwin 
(USDA forert Servia. PaciSc Southwest Experiment 
%tion, Berkeley, Cslifo~nia, pn. Eomm.). lbis me&- 
od is based on Anderson’s (I 982) dehnilion o f  home 
w. the probbility of t m a i  an animal at a pnie 
uiar loation on a gmmctric plane, &hen a bivariate 
probability density function forthat animal. The kemcl 
method i s  a n o n - p a r a d c  lcdrniquc lhat alimitcs 
thepsobabilirydeasityFun*ion~adatnsttorltnown 
locations. using a dam m h i n s  runniOn s i m h  to 
the Fou~icr urnsformation employed by Anderson 
(1982). The adaptive kmcl mctbod dillirs (tom the 
Fwrk t m d m t i m  and Cmm fixed #emel methts 
in that the mapitude of the smoothing ~aaramelu 1s 
chngcddcpcndi~m the ooncenirationordatapmts. 
A m s  with a Low arncmualion of poinu have lus 
weight than ftequcn&ly used areas, tbcreby rounding off 
~-~ikemtmsiMlsofthchomcrangtlhatancaussd 
by I k w  h t i m  pointr (Worton 1989). M of th- 
methods caleulaie a Ihrco-dimensiOnal volume for the 
b i v a r i a t e ~ ~ ~ i t y h m a i o n f r o m ~ i c h c a t o u r s a n  
be shed that repnaclll a given percenlagc Of the 
volume, or a given pmntapc  of the sampk poinl5. 
For the adaptive Ltmd mclhod, OUT CWltowR wert 
constructed to rcprcsmt a gcrcensgg or the sampk 
poiflls. 

Home range and habitat use dam wm derived f?om 
radioldsmeiqcd &~IILS during lhe summer seasons 

Conlour mrervals thpt w n t e d  95% and 50% or 
each goshawk tekmtUy data rcl were ConHNckd st 
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the 1 : 2 4 , m e  and traced onto mylar overlays of 
the study a m .  We calcnlatcd home range estimates 
for !he entire monitoring period fmm late June lo mid 
SEpternh. H o w c v c r ~ ~ ~  found that these home range 
estimates wm misleading because they induded areas 
that were not used by the adults unlil the young had 
fledged. Also. these estimates masked information on 
home range shins and range expansion that occurred 
after the young had fledged. A division orthe moni- 
toring period into two phases, nestIingand paat-flcdg- 
ing, provided a morc sensitive discrimination ofhome 
range use, and separated the restricted, nut-oriented 
home ranges of the carlier perid from the.bmda 
areas used later in the breeding season. since o b -  
varions a1 she nests indicated that all young had Raagul 
by the end of July, we used I August to delineate the 
two &ads and calculated nestling-phast and post- 
fledging-phase home range clrtirnaics for ea& bird. 

L A M S C M T  PATERNS 

Landscape patterns were compared between nesr- 
ling-phase home ranges, post-fledging-phase home 
ranges, and a random sample of artificial home r a n p  
within the study area. Artificial home ranges were cre- 
ated by placine a circle with an area of 9.04 km’ at 
random pointsitbin all available habitat orthe nudy 
area. The centers ofthe artificial home ranges were grid 
coordinates that were generated randomly rmm the 
entire study a m .  The size of the drdc corresponded 
lo the mean size of the 95% polygons for the nestling- 
phase and post-fledging-phase home ranges. Within 
each randomly-piaced circle and within the 95% con- 
tour‘ of each home range. we recordad the number of 
vegeution types per kml, iota1 number of vegetation 
units (paichcr) per km’, percent or home range in in- 
ventoried old growth, lenmh of fwesl-opcn edge per 
km’.distance towater,anddistancctoa foratopening 
greater than 20 ha. Vegetation rypeswwequalitatively 
diRintiated on the basis of the most abundant over- 
story and understory species (Muettn-Dubois and El- 
len- 1974) and seral stage (Maycr and Laudenslayer 
1988). Vegetation boundaries wrc detincated using 
aerial photogrammetry and were W d  verified. Old 
growlh acreages were derived from a comprehensive 
old growth inventory conduaed on Inyo National For- 
est in 1989-1990 (Inyo Naiional Forest, unpubl. data). 

All dislance nailsurclncnts were taken from 1:24.OOO 
onhophotw 4 t h  a nlap wheel. Since the home range 
polygons were not circular, we developed the following 
criteria Tor Pelecting the point rmm which distances to 
water and forest openings were measured. For nestling- 
phase home rsngcs, distances wen measured from the 
nest, whether or not the nest was Ihe geometric omter 
or the ran= IT Ihe IMW amrainad o w  polygons 
besides the polygon containins the nest, we m d  
distances from the center of the other polygons and 
averaged the values. The m t e r  of each polygon was 
the midpoint orthe Ion- axis bixdingthe polygon. 
For poat-fledging-phase home mgrs. w m d  
dislanm Tmm the ctnier of the 50% contour located 
inside the 95% contour. In the majority of cam the 
home range was a duster oT 2-3 polygons. 50 2-3 dis- 
t a m  measures were taken and averaged. 

We n o d  d~vhclhcr home ranges encompassed or wen 

in proximity to human developments, but did not 
quantifi these rcla~ionshi~. principal dmlopmcnts 
were the town of Mammoth Lakes (pop. 10,000). high- 
ways, developed campgmunds, and major din roads. 

STAND STauCrUnr 
As 8 means orevaluating swnd structure uszd within 

home ranges and ai ntsls, we collacted data at three 
t y p ~ ~ . @ t a :  nest sites. sites within the home ranges 
other than nest sites, and sites located ai  mndom within 
the study a m .  The nest site data induded the mts of 
the radio-tracked birds and all a t h a  known goshawk 
ntsts within the study area. The home range data set 
was a stratified random sample of an radio ~ c h e t q  
locations other than nest Sir- Tor the three summer 
fcasons or study. We strarified the data to ensure ?hat 
some locations were dcrivcd from an ten birds that 
were monitored. The sample w taken h m  the entire 
monitoring pniod. Random sites were sekclcd by gcn- 
eraling random n,y coordinates from the study area 
grid overlay. 

Plot size u d  to measure sland stNcture variables 
was 0.04 ha. At cach nest we mllected data at five pIou 
to include local variation in stand mucture paramcten. 
One plot was centered on Ihe nest tree and the re- 
maining plots mre located 30 m rrom the tree in ea& 
orthe cardinal directions. 
Home range ielemetry points azn locared in the held 

using the estimated grid locations placed over the study 
area map. We began collecting data at home range 
locations prior to seIcting B method for determining 
the ermr associated with estimation of thew points. 
We assumed that our error ranged from 25-75 m fmm 
the lme locations of the birds and d l &  data at tw 
plots at random distances between 2S75 m rrom the 
calculated tekmewy location. The stand structure val- 
ucs oblained fmm W h  plots wrc then avtraged. These 
distances proved to be close to the 66 m ermr that we 
calculated later. The two points also helped capiure 
some of the variation found within the forest stands. 
Time constrainrsdid not permit collcctingdara at m ~ t c  
than I w o  plots per localion. We located the random 
sites in the W d  and collected data in the same manner 
as at home range sites, using two plats lacated 25-75 
m from each random point. 

Habilal parametersaoltecled in each plot for all thra 
site tyrjcs uei-c used tu a * m  sland density and the 
amount of s(;mding and down dead material. These 
included number of trees in five diameter clruses (1- 
15 an, 14-27 cm, 2 8 4 5  cm. 46-6 1 an. and >62 an), 
basal area, percent canopy cover, p m t  slope. aspect, 
and number of s n a p  and down logs within ach ph. 
&sal area data were coltcclad with I 20-hcmr hupl 
area prism. f a a n t  canopjr cover was the average or 
four ocular estimates made within the mrjol q u w m  
of each h I a r  dot. Parent slope was taken with a 
clinometer. At nest sites we also took dah on nest ~ra 
diamner at breast height (dbh) (an). nest tree height 
(m). and height or nest (m) within the tree. The dbh 
measurements were taken with a I-% tape. Tree 
and nest heights were derived from a dinometer read- 
ing taken at a known diWrna from the tree bok. 

Prior to statistical anatyses, all variables lyere ex- 
amined for normality and transfmed when appro- 

NslliWphAlC 
w 

bndwdw Atfit&? f m 

No. of vcg typeakm I .4 1.2 
No. o l  ptdresntm 2.3 0.9 
Kmd- 1.1 0.1 
DiSl. to water (km) 1 .z 0.9 

,Dist. to mpeninp 220 ha (km) 0.1 0.6 
Proportion of rang  in old gmwth 0.17 0.29 

Fundan 

f SI P ID 

0.8 0.8 0.6 0.2 
1 .f 0.5 I .2 0.4 
I .2 0.3 0.9 0.4 
2.2 I .2 2.7 I .2 
0.6 0.3 0.7 0.6 
0.09 0.12 0.09 0.09 

Iwiate. The squarr root transformation was apptied to justed r l  = 0.1 2). All but one female expandt 
all eount data. and an arcsine square tu01 transfor- their home ranges. Female home ranges i 
mation was done for canopy closure proportions. Nor- tread from a of 5.2 3.9 kml (range 
linear, indicating that the ltansformations were appro- 
priare..~nira”ate ANOVA pmedurcs wm used to * 8.2 km2 after the Young had fledged (range 

We u& ~ ~ k ~ - ~  s t u b t a  range to detennim ranges, from 3.4 km’ to 16.2 km’, and from 9 
which group or group wcre responsible Tor any sip- kmz to 28.4 km2. One female’s range decreao 
niiicant differences detected with the ANOVA tests. from 7.8 km’ during the nesting period t o  1 

km* after the young had fledged. 
RESULTS Four of the ten goshawks showed m m p k  

We radio tracked eight females and two males range shifts afkr  the young fledged. The mc 
over the three summer seasons of the project: extreme case was the shift of  one female to : 
two females and one male in 1986, three Females area 9 km from her nest. Her post-nesting ran 
in 1987. and three femalesand one male in 1988. had roughly a 90% overlap With another radi 
These ten adults were associated with six terri- tmked female. The female who did not c x p  
tones. Two of the territories were monitored her range shifted h a  area of use by appml 
twice, but With different females and alternate rnately 6 km to the vicinity of a playing fie! 
nests. The male in 1986 was the mate o i a  mon- ’ This fernateexhibited the same rangeshin in tl 
itored female in the same year, and the m a k  in consecutive breeding seasons. 
1988 was associated with the nest used bya mon- In da t ionship  to human activities other th 
itored femak in 1987. A female from 1987 was timber harvests. the 50% polygon for one nesti 
recaptured and followed again in 1988 but the range included a 20-unit campground. T h m  
second year of data was omitted from all statis- the post-nesting ranges were divided by a 4-la 
tical analyses and home range estimates. The highway, and one post-nesting rangt includec 
number of telemetry localions per b@ ranged playing field adjacmt to the town of Mammc 
from 35-56 during the nestling phase (X = 44 f Lakes. 
7) and from 48-107 locations during the post- 
fledging phase (2 = 64 & IS). For the entire - 
monitoring period, the mean number of telem- We compared landscape patterns Wween th: 
etry locations was 108 & I7 per bird. groups: nestling-phase home ranges (N 1 

post-Aedging-phase home ranges (N 10) a 
HOME RANOES randomly-placed circles (N = 10). Using AN 

All home range estimates present+ are for the VA and a = 0. I ,  we daacted significant difl 
areas of tbe 95% polygons. Home ranges for d! en= in the number of vegetation types per k 
ten adults For the entire monitoring period av- betwc.cn the 3 groups (F - 2.53, df = 29. F 
cmged 15.5 f 8.9 km’. The seven fanale home 0.1). A Tukey’s studentized range tesl at a = I 
ranges averaged 13.4 f 8.1 hl,. and the two indicated on average that a greater Destiing-phase number of home vegetation ranges t y  1 
male ranges were 17.9 kmz and 30.1 km’. 

Mer approximately 1 August. we noted a sip- per krn’ than the random circles. The mean nu 
n i G n t  range expansion (one-tailed paid-aam- ber of vegetation t y p  per km’ for posl-fldg 
ple t-test. t = 2.4, df  = 9, P = 0.04). This ex- phase ranges was kss than that Found in nestli 
pansion was not correlated with the number of phase home ranges and greater than that fob 
telemetry points associaWd with each bird (ad- in random circles, but was not statistically 4 

mal phbilitY d o e  for the transformed daw 0.7-7.8 kmZ) during the phase 10 10 

1. 1-z4*6 km’h The twomah% also a p n d e d  thf test for mnd ~~u~ and landscape level djflemm. 

http://betwc.cn
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ferent from either of these groups (Table I). There 
was no significant difference in the number of 
p a t c k  per km’ (F = 2.29. df = 27, P = 0.12), 
although we mted  a trend similar to that found 
with vegetation types; nestling-phase homerang- 
es had the greatest number of patches per km’ 
and random cirdes had the lowest number fTa- 
ble I). As measured by these two v a n a m ,  808- 
hawk home ranges during the nestling p h e  ap- 
peared to contain more vegctatiw inmpmim 
than would be expxted if their ranges lrad been 
logted at random in the study area. Aftcr the 
young had fledged, home ranges tended to main- 
tain higher vcgelative diversity than expected. 

The configurations of neady all home rangcs 
suppofled this conclusion, since seven out of the 
ten monitored birds had areas of concentrated 
use that were spatially distant from the neSt stand 
during the nestling phase (Fig. I). These areas 
were disjunct polygons of the 95% home range 
area and contained vegetation types and seral 
stages that were not present in the polygon around 
the nest. 

For two birds, this additional polygon includ- 
ed a large pumice flat (a different pumice flat for 
each bird). In four cases, the second polygon add- 
ed seral sragcs ofJeffrey pine that were not pm- 
ent within the nesting polygon, and in the re- 
maining case, the second polygocadded riparian 
vegetation. 
During the post-fledging phase, eight ofthe ten 

birds had disjunct home ranges at the 95% level. 
There were three instances where the additional 
clusters oftelemetry points were associated with 
water souroes and riparian vegelation, two which 
added extensive edge along large pumice flats, 
one that added old growth not present in the nest 
polygon, one that added moderately stocked 
young forest, and one that added a baseball field 
adjacent io mature forest. 

One female selected a vegetativelydiverse area 
approximately 3.5 km east ofher nest rather than 
induding more of the available old growh that 
surrounded her nesi. This caused her post-nest- 
ing range to be two disjunct use areas divided by 
a 4-lane highway (Fig. 2). The majority oftelem- 
etry points for this Female were along a forest- 
pumice Rat edge and in Ihe adjacent stand ofokl 
growth. There were ho other active goshawk ter- 
ritories within the old growth around her nest 
that might have caused her to forage elsewhere. 
However, her range overlappad that of a second 
monitored female who used the same pumice Rat 
and surrounding forest. 

These disjunct polygons were not an adfact 
of our monitoring method of taking six consec- 
utive readings per day. When we calculated the 
home ranges using one loattion per day, we ob- 
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0 

femde 1 

GOSHAWK HOME RANGES IN CALIFoRNIA-Horgir ei d. 71 

a g4mptamm y; ;y; - * * -  i3 LT 
FIGURE 2. Post-fledghg phasc home ran= ora fe- 
mak d a w k  in castem California. showing selection 
Tor Torcst e along B large pumia Rat. Tbe solid and 
dashcd lines encompass 95% and 50% orthe telemetry 
locations, respectively. 

served polygons that maintained the same spatial 
arrangement and similar configuration as the 
home range estimates generated fmm six mn- 
s m t i v e  locations per day. 
. We also detected significant differences be- 

tween the lhret groups in the distance to water 
( F  = 3.22. df- 29, P = 0.06). The nests were on 
average doser to permanent water sources 
(springs and small streams) than were the centers 
of the Ft-fledging m n w  or the artificial home 
range cirdes (Table 1). Six birds had water within 
the polygon containing the nest, and in one case. 
the home range polygon was extreme1 y elongated 
to include a spring located 3.5 km from the ntst 
(Fig 9. In this case, 50% of the  locations were 
divided between the nest stand and this spring 
One female did not use the permanent w a t a  
within her nest polygon, presumably because it 
flowed through open meadows, but sire consis- 
tently used a water source 3.3 km from hcr nest 
in mature JeArey pine, thereby creating a second 
polygon that defined her home range at the 95% 
level Fi& 4). 

STAND STRUcrrntr 

We cokted smnd structure data at 20 nestq 
63 home range sites (telenTct&ocations). and 
102 random sites within the study area. The nest 
data set included three situations w h a  data were 
coIIectd on more than onc nest in a territory 
(altematenens). The indusion ofthese nests may 
affect the assumption of ind-ndence. We in- 
cluded t h a  nests because they were not in the 
same vegetation polwn as the active nest and 

FlGURE 3. Nestling-phasc home range of a remale 
p h a w k  in eastern CaliTinnia. showin& etongation of 
the home mnp to indude the nearest ylum of water, 
3.5 km f i  the nM. The d i d  and dashcd lines cn- 
compass 95% and 50% orthe telemetry locations, re- 
spanively. Note that a ponion of the 50% Contour i s  
around L e  spring. 

our banding records indicated they were used by 
different femaks. 

Five ofthe eight vanabIes examined with AN- 
OVAs were significantly different at a = 0.05: 
basal area (F = 47.74, df= 184, P < 0.01), can- 
opyaover(F==31.66,dT= 184,P<O.O1,pole- 
sized trees 1627  ern dbh tF = 11.55, dl = 184. 

FIGURE 4. Ncstling-ph8se home mg of a r i k  
gashawk in ewm Caliibmis, s h 4 n 6  use of8 water 
sowcCloCaled appm~matdy 3.3 km m h  ofthe nest. 
The solid and dashed l i n a  encompass 95% and 50% 
of the tdemary locations w i v e l y .  



P < KO]), and the two largesr tree diameter class- 
es (F = 18.42 and F = 47.74, df = I84, P < 
0.01). Goshawk neSt sites and the surrounding 
home range *dry  points had greater basal 
area, more canopy cover, and more trees in tbese 
three diameter classes than the madom plots in 
the study area (Table 2). For all of the above 
variables, the Tukey’s lest Tor differences amang 
means separated the random plots from the home 
range telemetry plots and the nest sites (df = 27, 
P < 0.05) but did not distinguish between the 
home range plots and the nest sites. Forest struc- 
ture seleaed by goshawks within their foraging 
ranges was similar to Forest structure within the 
nest Hands. and both differed significantly from 
random plots. 

NEST TREE C k ~ ~ c i m u s n c s  
Goshawk nests were in lodgepole pine. Jeffrey 

pine, and red fir, with a mean tree height of 28.0 
k 6.73 m and a mean dbh of 87.2 k 27.2 cm. 
The average diameter was within the largest di- 
arneterclass used in this study and was therefore 
in the upper rangeoftree diametersfound within 
the study area. The mean nest height was 11.6 
2 2.33 m. Canopy cover immediately around 
the nest tree averaged 29% 2 12.6%. 

DISCUSSION AND MANAGEMENT 
IMPLICATIONS 

Goshawk home ranges in our area tended to 
be located in areas with high vegetative and seral 
diversity, especially during the nestling phase. 
The disjunct nature of many of the home ranges 
appeared to increase the number of vegetation 
types incorporated into the birds’ foraging areas. 
By using a m s  thatwere geopaphicalIy removed 
from their nest stands, goshawks were able to 
include vegetation types and patterns that were 
generally uncommon, such as  riparian vegeta- 

. 

tion, wet meadows, and old growth stands ad- . 
jacent to meadows or pumice Rats. 

Nesi sites and telemetry locations wtre asso- 
ciated with forest stands that had higher barn1 
area, more canopy oover, and more ims per ha 
than the study area average. The telemetry lo- 
cations were not necessarib foraging locations, 
because bearins  were taken when the signals 
were stationary, and represented times when the 
birds were perched. Ourtelemetry data indicated 
that perched goshawks tended to be found in 
well-canopied stands with l a w  trees. These io- 
cations may have providd hunting V@ea 
thermal cooling, or protective cover. 

The proximity of these lacations to a variety 
ofhzgrfntion iypcsaad - s k t S t a g e s  m a y  have 
been relaled to prey availability. Reynolds et at. 
( I  992) reported a medium to high degw ofveg- 
etative interspersion far 13 of 14 selected gos- 
hawk prey species. Although we lack dietary in- 
formation for our monitored goshawks, I2  of the 
prey discussed in Reynolds et al. (I 992)arc found 
in our area. The s e w o n  of areas with high di. 
versity corresponds to the d e w  ofinterspenion 
used by common goshawk prey species. 

Goshawk home ranges in our area were influ- 
enced by the location of permanent springs and 
srnalI streams. The vahe  of water Tor goshawks 
has been variously repormi in the Iiterature. 
Speiser and Bosakowski (1987) found no signif- 
icant difference in the proximily OTWater to gos- 
hawk nests and random plots, and Crocker-Bed- 
ford and Chaney (1988) reporred that only 8 out 
of 43 nests were < I  km from water. Other 
studies have reported distances of <275 m 
(Shuster 1980), 4 0 0  m (Reynolds et al. 19821, 
and cl km (Kennedy 1988). 

In arcas where permanent streams and springs 
are uncommon, it may be dilficuh for all nesting 
goshawks to establish territories in praxirnity lo 
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water. In these situations, the nearest available 
wellcanopied water source should be viewed as 
potentially wilhin the range of active neSts that 
are not near water. Our study indicated that gos- 
hawks could incarpotate water sourccs into their 
home ranges from as far as 3.5 krn away. 

Goshawks nestad in stands that were subsun- 
tially more open than those used in other geo- 
graphic areas. The mean canopy closure or2996 
at nest sites is far below the values of %a%, 81% 
7% 63% and 60% found in norWestem tal. 
ifornia (Hall 1964), northem California (sann- 
ders 19821, northern Arizona (Cracker-Bedford 
and Chaney 1988). northwestern Utah (Hmnep- 
SY 19781, and eastern Oregon (Reynolds et al. 
1982). re~pcctively. Dissimilar methods in mea- 
suring canow cover may account for some of 
the diffmnce. 

Regardless ofthe absolute values, goshawks in 
our study selected stands that were denser than 
the average available. both for nesting and For- 
aging, as measured by basal area, canopy closure, 
and the number oFtras in all five diameter class- 
es. Although absolute values may not be appli- 
cabk IO all geographic areas used by goshawks, 
the selection for stands With the most canopy 
cover and largest diarneterireescan 6 translated 
G & i i i i ~ j i o t e n t i S i e m t  regions. 
Goshawk management that focuses solely on 

nest sites assumes that goshawks are not selective 
in their use of habitats other than nest location. 
Yet our study Indicates that goshawks select ar- 
EXIS that are vegetatively diverse for foraging, in- 
cluding numerous aggregations of mature trees 
for nest stands and perch sites. Timber harvests 
on the Inyo National Forest typicallyremove the 
overstory, but numerous aggregations or mature 
timber are left for archeological site protection, 
deer hiding cover, snag recruitment, and riparian 
habitat. Although goshawk management i s  pri- 
marily limited to nest site bumen, ?hem other 
management a d o n s  have resulted in the reten- 
tion of mature timber and more vegetative di- 
versity than would be expected under most pre- 
scriptions using overstory removal. AIlgoshawk 
territories associated with timber saks have 
&vc for appmxTiiielj;G%isozfii-+i 
s i i G t 6 e  haruests, IRWXI oiiwiF nesting recgds 
over the past I 4  ycars 1 ypically thest territories 
h X C s m - y o u n g  per nest. 

Timber harvests can be compatible with gos- 
hawk conservation if key features such as per- 
manent water souras. well-canopied stands of 
mature trecs, and mature fo~es t  edge are provid- 
ed within potentiargoshawk hoXc?%gc% Home 
range configurations cannot be determind with 
telemetry, but our data suggest that vegetation 
types and water sources as far as 3.5 krn from 

t’ 
r 
1 

1 
1 

he nest stand can - as potential forog 
ange, especialIy if these reatyes  are not prese 
iear the nest. 

An etTktive goshawk conservation drale 
would consider the potential home range as! 
:iated with each nest site. Within this area, e 
p h i s  shwld be placed on creating or ma 
iaining vegeative diversity, retaining matt 
5mberamund permanent water sources and ala 
lorest-open edges, and ensuring that a portion 
%e niig: p?~de~jOre$ stags that have 
tud:li::iht.te?e?im?ilBr to jhose fiiiiG~~h;6~ 
@?E: I . . . , ’ ! ~ ~ r t ~ ~ u u l a r ~ ~ a r e a .  ~h 
ktatui~~ -..:i:ls would provide adequate perch s 
near or within selected foraging areas. We r 
ommend that timber harvests be designed to E 
ate a juxtaposition of senrl stages, including n 
ture foresls, rather thsn Ieaving large tracts 
homogeneous. mid-seral stage stands. 
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